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1.  Introduction 

The  purpose  of  this  paper  Is  to  obtain  a  solution  to  a 
hitherto  unsolved  problem  In  fluid  flow.   In  particular,  we  are 
Interested  In  the  way  a  finite  conical  shell  affects  the  flow  of 
fluid  whose  direction  of  travel  at  infinity  is  parallel  to  the 
axis  of  the  cone.   The  solution  has  applications  not  only  in  fluid 
dynamics  but  also  in  the  calculation  of  the  scattering  of  aji 
electromagnetic  wave  by  such  a  cone  at  low  frequency.   The  latter 
problem  is  of  current  technological  interest . 

The  principal  results  obtained  are:  A  formula  for  the  dlpole 
coefficient  at  infinity,  and  for  a  related  quantity  the  virtual 
mass,  in  terms  of  the  cone  angle.   A  subsidiary  result  is  the 
expression  of  the  velocity  potential  at  all  points  of  space. 

In  section  2,  we  write  down  the  mathematical  formulation  of 
the  problem  as  a  boundary  value  problem  for  the  velocity  potential. 

In  section  t),    the  solution  is  written  out  explicitly  and  the 
nature  of  the  quantities  Involved  is  briefly  discussed. 

The  solution  given  in  section  5  was  obtained  by  the  use  of 
function  theoretic  techniques  plus  separation  of  variables.   The 
details  of  the  derivation  are  omitted  since  they  are  closely  related 
to  analysis  presented  in  previous  papers.   However,  in  section  \, 
we  show  that  the  solution  presented  in  section  3  is  a  valid  one. 
In  addition  section  \   contains  an  Eiltemate  form  of  the  solution 
In  the  form  of  a  series  of  Integral  order  spherical  harmonics.   This 


expression  Is  veilld  In  the  exterior  of  a  sphere  vhlch  encloses  the 
"body  and  has  the  cone  vertex  as  its  center. 

Having  done  this,  the  dipole  coefficient  and  the  virtual  mass 
are  calc\ilated  in  section  5  and  are  checked  in  the  case  when  the 
cone  degenerates  to  a  disk  . 

2.  Mathematical  Formulation  of  the  Problem 

Let  C  he  the  finite  conical  shell.  The  cone  has  generating 


FIGUEE  1 

angle  9  with  0  <  0  <  «.  The  altitude  is  along  the  z-axis  and 
o  o 

the  slant  height  is  unity.   Using  spherical  coordinates. 


X  =  r  sin  G  cos  0 
y  =  r  sin  0  sin  0 
z  =  r  cos  9 

The  sxirface  of  the  cone  is  given  by  the  conditions j 


=  r  cos  9 


For  C,   we  have  the   following  boundary  value  problem:      To  find  a 
function  u  s  u(r,9)    suc±i  that: 

(a)  V^u  =  0 

(b)  On  the  shell,  ^  =  0,  i.e.  In  our  case,  -  |l  =  0 

(2.1)     (c)   u(r,0)  Is  continuous  for  1  <  r  <  oo  and  0  <  9  <  Jt 

(d)  ■^  Is  continuous  for  all  r  except  possibly  at  the  edges. 

(e)  u(r,9)  r>j  z   as  r  -♦  oo 


The  function  u  Involved  Is  the  velocity  potential  and  we  aj'e 

especially  Interested  In  the  coefficient  of  — 5 In  the 

r 

expansion  of  u  for  large  r  since  this  Is  the  dlpole  coefficient 
and  Is  related  to  the  virtual  mass  by  a  factor  of  ksi.^   -' 

5.  Statement  of  Solution 

The  solution  of  the  problem  formulated  In  section  2  can  be 
obtained  by  the  methods  of  [ij  and  [2J  .   The  results  are  as  follows: 

(3.1)     u(r,9)  =  r  cos  9  +  ^r^T  /  r"^  A(v)  P  ,(cos  9)  dv 

cJtl  J  V-J- 


0  <  r  <  CO 
for 

0  <  9  <  9 


(3.2)     u(r,9)  =  r  cos  9  +  -^  /  r"^  B(v)  P  _-l(-cos  9}  dv 

0  <  r  <  00 


where  C  Is  the  line  Re  v  =  C   such  that  -  <  cr<  1  ,  Py_3_(cos  9) 
Is  the  Legendre  fixnction  of  the  first  kind  L-'J^and  a  prime 
means  differentiation  with  respect  to  the  argument.  Also 


(5.3)  A(v) 


-2jt 


K-(-|,0^) 


^;-i(-"°^  ^o) 

(v+l)sin  jtv  K"^(v-  I^Oq) 


(5.1^)  B(v) 


p;.i^^°^  V 


K"(-|,e^)     (v+l)sin  rtv  K^'Cv-  |,0^) 


The  function  K*'{v--^,    0  ),   mentioned  in  (5-3)  and  (5-^)^  and 
an  important  related  function  K"(v  -  2^®o^'  ^^  defined  as  follows: 

(3.5)  K^(^x,9^)  H  P;(cos  0^)  r  (i  -^  ^)  ^^  ^^(^^.^^""(^^'^0^' 

'2 

(3.6)  K-C^i^e^)  hp'i(cos  x^rcl-^.)  e-^  k-(^,x^)  k'C^^e^)  . 


The  function  k"*",  k',  are  in  turn  defined  by  the  equations  (5'7) 
through  (5. Ill-)  helow 
00 

3  m  ^  o' 


(5.7)  k-'(n,x^)  =   n 


0=1 
CD 


C  (X  ) 
''m^  o' 


(3.8)  k+(^,9  )  H  n 


^^' 


(5.9)  k"(^,x^)  ^  j[ 

00 

(5.10)  k-(^,e^)  =  n 


UV' 


''-T^'  ^- 


u^ 


uv 


(5.U.)     \    ^^-%      , 


(5.12)  r  (X  )   =  the  m   positive  zero  of  p'   i     (cos  X^)  , 


(5.15)  C  (©  )   =  the  m   positive  zero  of  p'       (cos  0^)  =  0 


(5.U)     n   =  V 


The  quantity  s  In  the  exponent  in  (5-5)  a^d  (5.6)  is  given  by 

(5.15)      s   =   .  ^  log  ^  -  f  log  f  +  ^{\)    -H  ^  M(9^)  -H  -f  M(X^) 


where 


(5.16)   +(2)   ^ 


r'(z) 


Is  the  logarithmic  derivative  of  the  Gamma  function,  and  where 


(5.17)   M(X  )   H  Yl 

IB=1 


5   X 


(5.18)      M(8^)  .  Yi 


""^    K(V 


It  can  be  shown  that:  K  (v-  ^^  0  )  is  regular  and  zeroless  for 
Re  V  >  cr  (0  )  and 


K'*'(v-2^9^)   =  O(v^),  for  Re  v  >  o'(9^),  and  |  v  |-oo 


Also 


K"(v  -I^Qq)  =  o[(-v)^l  for  Re  V  <  o-  (0^)  and  |  v  |- oo 


It  has  been  shown"-  -"  that 


W 


8in^0 


K(M,e^)  =  -  — ip-^  k'-(h,0^)k-(h,0q) 


2  sin  rt(n  +  2)  -2+V^ 


1,   -  1   C-cos  0^)P  ^    (cos  9^) 


k.     Verification  of  solution. 

In  this  section,  we  verify  that  u  given  by  equations  (5.1) 
and  (3.2)  fulf iUs  the  conditions  (2.1)  (a) , (b), (c) , (d) , (e) . 

First  of  all,  it  can  be  shown  that  the  integrals  in  (j.l) 
and  (5«2)  converge  uniformly,  for  all  r.   (5.1)  may  be  evaluated  by 
residues  and  may  be  differentiated  twice  \inder  the  integral  sign. 


a  comparison  of  our  integrals  |  equations  (5.I),  (3.2)]  with  the 
corresponding  Integrals  in  [2]   equations  (I..I7)  and  {k.^');   namely 

and 

u2(r,9)  =  -5-  r  -^  Cl(''°°  «o'^a-l(-'°°  «) 

'      2«i  /        ]   1 T ^  • 

These  integrals  differ  from  ours  only  in  that  K"  is  replaced  by 
K  ,  V  by  a,  and  the  contoiir  shifted  slightly.   This  comparison 
implies  the  stated  results  in  view  of  the  facts  that  (a)  the 
growths  of  k"^  and  K"  are  the  same,  and  (b)  the  growths  of  the 
Integrands  are  responsible  for  the  analytic  properties  we  assert. 
The  results  therefore  imply  that  the  integrals  in  question  are 
each  hamonic  functions  within  their  respective  regions  of  validity. 
Similarly,  by  deforming  the  contours  into  the  contours  C  ,  or 


W  is  the  Wronskian  of  P   ^(cos  9^) ,P   ^(-cos  0^),  and  appears  in 
our  work  in  the  form  L  J 


o 
2  °'-2 


dP  1  (cos  9  ) 

W(„9^)  .  P   ^(-cos  9^)  -^ 

^  "2 

dP   l(-cos  e  ) 

H-p'        O^ 
-  P   i(-3  9^)  |g 


2  cos 


BL 


C_  shown  below,  according  as  r  >  1  or  r  <  1  . 

Im 


FIGUKE  2 


We  can  show  (just  as  is  done  in  [2]  )  that  the  Laplace  equation 

is  satisfied  for  r  >  1  and  all  0  and  that  differentiation  under 

o 

the  integral  sign  is  permissible  for  r  <  1  in  the  appropriate 
closed  interval  of  0.  Therefore,  first  of  all,  we  have  shown  that 
the  Laplace  equation  is  satisfied.  Furthermore,  we  can  calculate 


du 


0  = 


and  also  u(r,0  +)  and  u(r,e  -)  by  employing  the  integral 


representations  in  terms  of  the  conto\irs  C  or  C  ,  according  as 
r  >  1  or  r  <  1.  We  use  this  to  show  that  the  other  conditions  of 
(2.1)  are  satisfied. 

Thus,  to  show  [u]  h  ^(r^O  +)  -  u(r,©  -)  =  0  for  r  >  1, 
subtract  (j.l)  from  (3.2)  to  obtain: 


["] 


K-( 


P  ,  (cosO  )P  ^ (-COS0  )+P  ,  (-cosQ  )P  ^ (cosO  ) 
-V  v-1^    o'^  v-1^ o^  v-1^ o'  v-1^    o' 

(v+l)sin  rtv  }t{v-~,   0^) 


where  we  have  used  the  definitions  of  A(v)  and  B(v) .   The  integrand 


(v+1)  sin  nv  K'*'(v-  1,0^) 


is  readily  seen  to  be  regular  for  Re  v  >  cr  (9^) ,  in  view  of  the 
fact  that  0  (v)  can  be  written  as 


(v) 


-^(^  -i'  «o) 

(v) 


(v+1)  sin  nv  K'^Cv-  |, 0  ) 


2'  o' 


rt(v+l)sin  0 XC^-i'Qj 


2'  o' 

1 

+     1  2 

since  we  know  K  (v  -  -x,©  )  is  regular,  zeroless,  and  0(v  ) 

for  Re  V  >  o-  (0  ) .   But  this  implies  that   [u]  =  0  for  r  >  1.   To 

see  this,  use  Jordan's  lemma,  and  close  the  contour  in  the  right 

hftif  plane.   Note  since  u  is  harmonic  for  r  >  1,   ^  =  '^     where 

the  brackets  denote  the  jump  of  the  quantity  inside. 

We  now  verify  that  \^\  =  0  for  r  <  1.   To  do  this, 

o 
we  replace  the  contour  C  by  C_  and  find 

-  f      r'"  [b(v)  P^_i(-cos  0^)(sin  0^)]  dv,    r  <  1  . 


10 
Hence 
(^^•2)  [^]   =/   r-^-sin  9^)  [a(v)  p;_^(cos  9^  +B(v)p;_^(-cos  9^)] 

The  function  inside  (1^.2),  namely  A(v)  P  ,(cos  9  )  +  B(v)  P  ,(-cos  9  ), 

is  identically  zero  by  the  definition  of  A(v),  B(v),  K''"(^i,9  ),  K'(|a,e  ). 

We  now  verify  condition  (2.1) (b)  which  amounts  to  showing 
^         =0  for  r  <  1  .   The  corresponding  equation  in  the 

e  =  9  - 

limit  as  9  -  9  +  will  follow  from  the  fact  that  ru„l  =  0  .   From 
equation  (5-2),  we  get: 

p.  sin  9    P  , 

ik.3)       g  I       =  -r  sin  9^  -  -^    J        r-"   A(v)  P^_^(cos  9^)  dv  . 

19=9-  ^- 


dv. 


But 


-r  sin  9 


o     2jt 


9     r 


Hence  {h.3)    is  equivalent  to: 


i^-h) 


V  sin  9 


^ 


^  /  r-'    [a(v)  p:.,(cos  9J  .  ^] 


C 


If  we  substitute  the  definition  of  A(v)  in  (h.k) ,   we  find  that 


11 


(^•5)  [a(v)   p;.i(cosO^)   .^] 


K"(-  |,0^)    (v+l)    sin  nv  K* (v  -  |,0j      ""  "+^ 


However,   from  (5.19) 


<-i(-=-  %'  <-i(-=  V  '  ^^^^^-^^f-i^oX^'f-i^o' 


Substituting  in   (k.^) ,   we  get 


K"(v-i6j  -| 


[a(v)   p;_^(cos  OJ   .  ^]    =  ^f;  =     0( 


K-(-g,9j(v-l) 


We  also   see  from   (k.^)    that     [ A{v)   P     .,  (cos  0  )   +  — r- 1    is  regular 
in  a  left  half  plane.      Finally,   by  Jordan's  Lemma,   we  get  that 


5o 


=   0     for     r  <  1. 

I  9  =   0 

o 

To  ccmplete  the  verification,  we  want  to  show  that  as  r-»oo 

u-*r  cos  9  +  0{—^).      To  do  this  we  exploit  the  fact  that,  as  mentioned 

r 
earlier,  our  solution  for  u  can  be  evaluated  by  residues.   For  r  >  1, 

we  close  the  contour  in  the  right  half  plane.   The  residue  theorem 

then  yields 

(4.6)   u(r,9)  =  r  cos  9  +  ^ ^  ^       t 

K"(-|,9^)n^l  (aiH-l)K''(2m+  i,e^) 


12 


2«       ^  _  .2m  .   ^2m-l(^°^  V2n^-1^'°'  ^^ 


z 


K"(-|,0^)   m=l  2ni  K'"(2m  +  i,  0^) 


Notice  that  there  is  no  term  in  r"  since  P  (cos  X  )  =  0 


Therefore, 


(U.7)       u  -  r  cos  e  +  D  -2^1 —        as  r  -»  oo 


This  completes  the  verification. 

5.   Calculation  of  the  Dipole  Coefficient  and  the  Virtual  Mass. 
In  the  last  equation  of  section  k,    it  was  shown  that: 

D  cos  0  „o  ^   ^ 

u  -*  r  cos  0  +  2 as  r  -  oo 

r 


■vriiere  D 


K-(-  i0  )K^(|,e^ 


2'  o'  ^2'    o' 


This  is  the  dipole  coefficient.   For  6=0'  ^^^  problem  reduces 
to  flow  past  a  circular  disk  and 


K-(-  i,|)K*(|,i) 


Substituting  in  (3-5)  and  (3.6),  we  get 


(5.1)   B,,  -       -   ^ 


disk      13         ^ 
2 


(-/)(^) 


13 


Upon  looking  at  5,  p.  Ikk,   we  find,  for  the  velocity  potential  due 
to  a  disk,  the  expression 


A  n(l  -  ^  cot"^^) 


vhere  0  corresponds  to  our  (u  -  r  cos  9) , 

\i  -»■   cos  0  as  r  -►  00 
^-♦rasr-^oo  , 

2 

and  A  =  -  ,  for  the  case  of  a  disk  of  imit  radius,  vhea  the  velocity 

at  infinity  equals  unity. 

.  Hence  u  -  r  cos  0  -  (l  -  r  cot"  r)  which  when 

jt 

expanded  for  large  r  gives,  for  the  coefficient  of  ^°°   ,  the 

r 
same  as  the  quajitity  obtained  in  (5-1) 

The  virtual  mass  W  is  defined  as  L  J 


(5.2)    JJ(S7  0fd-^, 

and,  in  the  case  of  an  open  surface, 

(5-5)     V  =   knD  . 
Hence : 
(5A)     W  =   .   ^-^"'  ,  3 


u 


Conclusion: 


In  this  paper  we  have  solved  the  problem  of  flow  past  a 
finite  conical  shell  and  obtained  explicit  representations  of  the 
velocity  potential,  dipole  coefficient  and  the  virtual  mass. 
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Attn!  Oustave  Shapiro,  Chief 

Engineering  Electronics  Section 
Electricity  and  Electronics  Div. 

(2)  Office  of  Technical  Services 
Department  of  Commerce 
Washington  25,  D.  C. 
Attni  Technical  Reoorts  Section 
(Unclassified  only) 


(5)  Hq.  Air  Force  Caabrldge  Research  Center 
Laurence  0.  Hanacom  Field 
Bedford,  Mass. 
Attn:   CRRD 

Director,  Avionics  Division  (AV) 
Bureau  of  Aeronautics 
Department  of  the  Navy 
Washington  25,  D.  C. 

Chief,  Bureau  of  Ships 
Department  of  the  Navy 
Washin,-^on  25,  D.  C. 
Attn:  Mx.  E.  Johnston,  Code  B33E 

Conmander 

D.  S.  Naval  Air  Missile  Test  Center 

Point  Mugu,  California 

Attn:  Code  366 


Commander 

U.  S.  Naval  Ordnance  Test  Station 

China  Lake,  California 

Attn:  Code  753 

Librarian 

D.  S.  Naval  Postgraduate  School 

Monterey,  California 

Air  Foroe  Development  Field  Representaliv 
Naval  Research  Laboratory 
Washington  25,  D.  C. 
Attn:  Code  1072 

Director 

D.  S.  Naval  Research  Laboratory 

Washington  25,  D.  C. 

Attn:   Code  2027 

Dr.  J.  I.  Bohnert,  Code  52K 

I).  S.  Na'/al  Research  Laboratory 

Washington  25,  D.  C.  (Unclassified  onlvl 

Classified  to  He  sent  to: 

Director 

U.  S.  Naval  Research  Laboratory 

Attn:  Code  5200 

Washington  25,  D.  C. 

Commanding  Officer  and  Director 

n.  S.  Navy  Underwater  Sound  Laboratory 

Fort  Trumbull,  New  London,  Connecticut 

Chief  of  Naval  Research 
Department  of  the  Vavy 
V'ashingtcn  25,  D.  C, 
Attn:  Code  b27 


Air  Force  Missile  Development  Cente 
Holloman  Air  Force  Base,  New  Mexico 
Attn:  HDOIL,  Technical  Library 

Director 

D.  S.  Amv  Ordnance 

Ballistic  Research  Laboratories 

Aberdeen  Proving  Ground,   Marvland 

Attn:     Ballistic  Measuranents  Laboratory 

Ballistic  Research  Laboratori-s 
Aberdeen  Proving  Ground,    Marvland 
Attni     Technical   Information  Branch 


Director 

National  Security  Agency 
Washington  25,   D.  C. 
Attn:     R/b  (331) 

Hn.  Air  Force  Cambridge  Research  Center 

Laurence  G.  Hanscom  Field 

Bedford,   Mass. 

Attn:     CROTLR-2  -   P.   Condon 

(5)Hq.   Air  Force  Cambridge   Research  Center 
Laurence  G.    Hanscom  Field 
Bedford,    Mass. 
Attn:     CROTLS  -  J.   Armstrong 


Officer  and  Director 
V.  S.  Navy  Electrcnlcs  Laboratory  (Library) 
San  Diego  52,   California 

Chief,   Bureau  of  Ordnance 
Department  of  the  Navy 
Washingtcn  2^,   D.  C. 
ntni     Code  Ad3 

Chief,    Bureau  of  Ordnance 
Department   of  the  Navy 
Surface  Guided  Missile  Branch 
Washington  25,   D.  C. 
ntn:     Code  ReSl-e 

Chief,  Bureau  of  Ordnance 
Department  of  the  Navy 
Washington  25,   D.  C. 
Attn:     Fire  Control  Branch   (RoSU) 

Department  of  the  Navy 

Bureau  of  Aeronautics 

Technical  Data  Division,    Code  la06 

Washington  25,    D.   C. 

Chief,   Bureau  of  Ships 
Department  of  the  Navy 
Washington  25,   D.  C. 
Attni     Code  817B 


Commanding  Officer 

n.   S.  Naval  Air  Developnent  Center 

Johnsvllle,    Pennsylvania 

Attn:      NADC   Llhrai-y 

Commander 

II.  S.  Naval  Air  Teat  Center 
Patuxent  River,  Maryland 
Attn:  ET-315,  Antenna  Branch 

Director 

Naval  Ordnance  Laboratory 

Corona,  California 

Conmandlng  Officer 

V.   S.  Naval  Ordnance  Laboratory 

Corona,  California 

Attn:  Mr.  W.  Horensteln,  Division  72 

Airborne  Instnments  Laboratory,  Inc. 

160  Old  Country  Road 

Kineola,  New  York 

Attn:  Dr.  E.  G.  Pnbinl,  Director 

Research  and  Engineering  Division 


Aircom,  Inc. 
}ih   Main  Street 
Winthrop,  Mass. 

American  Machine  and  Foundry  Company 

Electronics  Division 

lOP?  Cominonwealth  Avenue 

Boston  1^,  Mass. 

Attn:  Mrs.  Rita  Moravcsik,  Librarian 

Andrew  Alf ord,  Consulting  Engineers 
209  Atlantic  Avenue 
Boston  10,  Mass. 

Avion  Division 
ACF  Industries,  Inc. 
BOO  No.  Pitt  Street 
Alexandria,  Virginia 
Attn:  Library 

Battelle  Memorial  Institute 

?05  King  Avpnue 

Attn:  Wavne  E.  Rife,  Project  Leader 

Electrical  Engineering  Division 

Columbua  1,  Ohio 

Bell  Aircraft  Corporation 

Post  Office  Box  One 

Buffalo  5,  New  York 

Attn:  Eunice  P.  Hazelton,  Librarian 

Bell  Telephone  Laboratories,  Inc. 

Whippany  Laboratory 

Whippany,  New  Jersey 

Attn:  Technical  Information  Library 

Pacific  Division 

Bendlx  Aviation  Corporation 

llfOO  Sherman  Way 

North  Hollywood,  California 

Engineering  Library 

Attn:   Peggie  Robinson,  Librarian 

Bendlx  Radio  Division 

Bendix  Aviation  Corp. 

E.  Joppa  Road 

Towson  h,   Maryland 

Attn:  Dr.  D.  M.  Allison,  Jr. 

Director  Engineering  and  Research 

Boeing  Airplane  Company 

Pilotless  Aircraft  Division 

P.O.  Box  3707 

Seattle  2b,  Washington 

Attn:  R.R.  Barber,  Library  Supervisor 

Boeing  Airplane  Company 

Wichita  Division  Engineering  Library 

Wichita  1,  Kansas 

Attn:   Kenneth  C.  Knight,  Librarian 

Boeing  Airplane  Company 

Seattle  Division 

Seattle  l!i,  Washington 

Attn:  E.T.  Allen,  Llbra^^■  Supervisor 

BJorksten  Research  Labs,  Inc. 

P.  0.  Box  265 

Madison,  Wisconsin 

Attn:  Mrs.  Fern  B.  Korsgard 


Convalr,  A  Division  of  General  Dynamics 

Corp. 
Fort  Worth,  Texas 

Attn:  K.G.  Brown,  Division  Research 
Librarian 

Convair,  A  Division  of  General  Dynamics 

Corp. 
San  Diego  12,  California 
Attn:  Mrs.  Dora  B.  Burke, 

Engineering  Librarian 

Cornell  Aeronautical  Laboratory,  Inc. 
IJj5?  Genesee  Street 
Buffalo  21,  New  York 
Attn:  Librarian 

Dalmo  Victor  Company 
A  Division  of  Textron,  Inc. 
ISI?  Industrial  Way 
Belmont,  California 
Attn:  Mary  Ellen  Addems, 
Technical  Librarian 

Dome  and  Margolin,  Inc. 
29  New  York  Avenue 
Westbury,  Long  Island,  N.  Y. 

Douglas  Aircraft  Company,  Inc. 

P.O.  Box  200 

Long  Beach  1,  California 

Attn:  Engineering  Library  (C-250) 

Douglas  Aircraft  Co.,  Inc. 
P27  Lapham  Street 
El  Segundo,  California 
Attn:  Engineering  Library 


Douglas  Aircraft  Companv,  Inc. 
3000  Ocean  Park  Boulevard 
Santa  Monica,  California 
Attn:  P.T.  Cline 

Eq.  Sec.  Reference  Files, 

Eq.  Eng.  A250 

Douglas  Aircraft  Company,  Inc. 
2nno  North  Memorial  Drive 
Tulsa,  Oklahoma 
Attn:  Engineering  Library,  D-250 

Electronics  Communication,  Inc. 
3830  York  Road 
Timonium,  Maryland 

Emerson  and  Cuming,  Inc. 
B69  Washington  Street 
Canton,  Mass. 
Attn:  Mr.  W.  Cuming 

Emerson  Electric  KJg.  Co. 

8100  West  Florissant  Avenue 

St.  Louis  21,  Missouri 

Attn:  Mr.  E.R.  Breslln,  Librarian 

Sylvanla  Elec.  Prod.  Inc. 
Electronic  Defense  Laboratory 
P.O.  Box  205  -  (Unci) 
Mountain  View,  California 
Attn:  Library 

Fairchild  Aircraft  Division 
Fairchlld  Eng.  and  Airplane  Corp. 
Hagerstown,  Maryland 
Attn:  Library 

Farnsworth  Electronics  Company 
3700  East  Pontiac  Street 
Fort  Wayne  1,  Indiana 
Attn:  Technical  Library 

Federal  Telecommunication  Labs, 
cno  Washington  Avenue 
Nutley  10,  New  Jersey 
Attn:  Technical  Library 

The  Gabriel  Electronics 
Division  of  the  Gabriel  Company 
13?  Crescent  Road 

Heights  9U,  Mass. 
Mr.  Steven  Galagan 


General  Electric  Advanced  Electronics  Cente 
Cornell  Dniverslty 
Ithaca,  New  York 
Attn:  J.  B.  Travis 

General  Electric  Company 

Electronics  Park 

Syracuse,  New  York 

Attn:  Documents  Library,  B.  Fletcher 

Building  3-lb3A 

General  Precision  Laboratory,  Inc. 

63  Bedford  Road 

Pleasantville,  New  York 

Attn:  Mrs.  Mary  G.  Herbst,  Librarian 

Goodvear  Aircraft  Corp. 

1210  Masslllon  Road 

Akron  15,  Ohio 

Attn:  Library  D/120  Plant  A 

Granger  Associates 

Electronic  Systems 

966  Commercial  Street 

Palo  Alto,  California 

Attnt  John  V.  N.  Granger,  President 

Grumman  Aircraft  Engineering  Corporation 
Bethpage,  Long  Island,  N.  Y. 
Attn:  Mrs.  A.  M.  Gray,  Librarian 

Engineering  Library,  Plant  No.  5 

The  Halllcrafters  Company 

llllOl  West  5th  Avenue 

Chicago  2!i,  Illinois 

Attn:  UVeme  UGloia,  Ubrarian 

Hoffman  Laboratories,  Inc. 
3761  South  Hill  Street 
Los  Angeles  7,  California 
Attn:  Engineering  Library 


Hughe 


Aircraft  Company 
Department 
Microwave  Laboratory 
Building  12,  Room  2617 
Culver  City,  California 
Attn:  M.  D.  Adcock 

Hughes  Aircraft  Company 
Florence  and  Teale  Streets 
Culver  City,  California 

Attn:  Dr.  L.C.  Van  Atta,  Associate  Director 
Research  Labs. 

Hycon  Eastern,  Inc. 
7?  Cambridge  Parkway 
Cambridge,  Mass. 
Attn:  Mrs.  Lois  Seulowltz 
Technical  Librarian 

IiTternational  Business  Machines  Corp. 

Military  Products  Division 

590  Madison  Avenue 

New  York  33,  New  York 

Attn:  Mr.  C.F.  McElwain,  General  Manager 

International  Business  Machines  Corp. 
Hllitarv  Products  Division 
Owego,  Mew  York 

Attn:  Mr.  D.  I.  Marr,  Librarian 
Department  li59 

International  Resistance  Company 
bOl  N.  Broad  Street 
Philadelphia  8,  Pa. 
Attn:  Research  Library 

Jansky  and  Ballev,  Inc. 
1339  Wisconsin  Avenue,  N.  W, 
Washington  7,  D.  C. 
Attn!  Mr.  Delmer  C.  Ports 

Dr.  Henry  Jasik,  Consulting  Engineer 
298  Shames  Drive 
Brush  Hollow  Industrial  Park 
Westbury,  New  York 

Electromagnetic  Research  Corooration 
711  Ibth  Street,  N.  W. 
Washington  5,  D.  C. 


Lockheed  Aircraft  Corporation 

Z???  N.   Hollywood  Way 

California  Dlirlslon  Engineering   Library 

Departnent   72-75,    Plant  A-1,    Bldg.    63-1 

Burbank,    California 

Attni      N.   C.   Harnois 

The  Martin  Company 

P.  0.  Box  179 

D«n*»r  1,   Colorado 

Attnl      Mr.    Jack  McCormick 

The  Olenn  L.  Martin  Company 
Baltimore  3,   Maryland 
Attni     Engineering  Library 
Antenna  Design  Group 

Marvland  Electronic  Manufacturing  Corp. 
5009  Calvert  Road 
College  Perk,   Maryland 
Attni     Mr.  H.  Warren  Cooper 

Matheaatlcal  Revlem 
190  Hope  Street 
Providence  6,    Rhode  Island 

The  W.    L.   Kaxscn  Corporation 

Ii60  West  3Uth  Street 

New  York,   N.  Y. 

Attn:      Miss  Dorothy  Clark 

McDonnell  Aircraft  Corporation 

Lambert  Sadnt-Louls  Municipal  Airport 

Box  516,  St.  Louis  3,  Missouri 

Attn:      R.   D.   D*trlch,    Engineering   Library 

McMillan  Laboratory,  Inc. 

Prownville  Avenue 

Ipewlch,  Massachusetts 

Attn:  Security  Officer.  Document  Room 

Melpar,    Inc.  (2 

3000  Arlington  Boulevard 

Falls  Church,    Virginia 

Attn:      Engineering  Technical  Library 

Microwave  Developnent  Laboratory 
90  Broad  Street 
Babson  Park  57,   Massachusetts 
Attni     N.  Tucker,   Oeneral  Manager 


Microwave  Rartlatlc 

19223  South  Hamilton  Street 

Gardens,    California 

Attn:      Mr.   Morris   J.   Ehrlich,    President 

Chance  Vought  Aircraft,   Inc. 
9311i  West  Jefferson  Street 
Dallas,   Texas 
Attrti     Mr.  H.  S.  White,   Librarian 

Northrop  Aircraft,    Inc. 
Hawthorne,    California 

Attn:     Mr.  E.  A.  Freltas,   Ubrary  DeptJlliS 
1001  E.  Broadway 

Remington  Rand  Dnir.  -  Division  of  Sperry 

Rand  Corporation 
1900  West  Allegheny  Avenue 
Philadelphia  29,    Pennsylvania 
Attni      Mr.    John  P.   McCarthy 

R  and  D  Sales  and  Contracts 

North  American  Aviation,    Inc. 

1221ii  Ukewood  Boulevard 

Downey,    California 

Attn:     Engineering  Library  !i9S-115 

North  American  Aviation,    Inc. 
Los  Angeles  International  Airport 
Los  Angeles  Ii5,   California 
Attn:     Engineering  Technical  File 

Page  Communiratlons  Engineers,    Inc. 
710  Fourteenth  Street,   Northwest 
Washington  5,   D.  C. 
Attn:     Librarian 

Phllco  Corporation  Research  Division 

Branch  Library 

Ii700  Wissachlckon  Avenue 

Philadelphia  Ui,   Pa. 

Attni     Mrs.  Dorothy  S.  Collins 


Attn:     Dr.   J.  T.  DeBettencourt 

Polytechnic   Research  and   D«v«lop«ent 

Coapany,    Inc. 

202  Tlllary  Street 

Brooklyn  1,  New  Tork 

Attn:  Technical  Library 

Radiation  Engineering  Laboratory 
Main  Street 
Haynard,  Mass. 
Attn:  Dr.  John  Ruie 

Radiation,  Inc. 


Radio  Corp.  of  America 

RCA  Laboratories 

Rocky  Point,  New  York 

Attn:  P.  S.  Carter,  Lab.  Ubrary 

RCA  Laboratories 
David  Sarnoff  Research  Center 
Princeton,  New  Jersey 
Attni  Miss  Fern  Cloak,  Librarian 
Research  Library 

Radio  Corporation  of  America 
Defense  Electronic  Products 
Building  10,  Floor  7 
Camden  2,  New  Jersey 
Attn:   Mr.  Harold  J.  Schrader 

Staff  Engineer,  Organiiation 

of  Chief  Technical 

Administrator 

The  Ramo-Wooldrldge  Corporation 
P.O.  Box  li5153  Airport  Station 
Los  Angeles  kS,   California 
Attn:     Margaret  C.  Whitnah, 
Chief  Librarian 

Hoover  Microwave  Co. 
9592  Baltimore  Avenue 
College  Park,   Mervland 

Director,   USAF  Project  RAND 

Via  I     Air  Force  Liaison  Office 

The  Rand  Corporation 

1700  Main  Street 

Santa  Monica,    California 

Rantec  Corporation 

Calabasas,   California 

Attn:      Grace   Keener,    Office  Manager 

Raytheon  Manufacturing  Company 
Missile  Systems  Division 
Bedford,   Mass. 
Attn:     Mr.    Irving   Goldstein 

Raytheon  Manufacturing  Companv 
Wayland  Laboratory,   State  Road 
Wayland,   Mass. 
Attn:     Mr.   Robert  Borts 

Raytheon  Manufacturing  Comnany 
Wayland  Laboratory 
Wayland,   Mass. 

Attn:  Miss  Alice  0.  Anderson, 
Librarian 

Republic  Aviation  Corporation 
Farmingdale,   Long  Island,   N.  Y. 
Attn:     Engineering  Library 

Thru:     Air  Force  Plant  Representative 
Republic  Aviation  Corp. 
Farmingdale,   Long  Island,  N.T. 

Rheem  Manufacturing  Conpany 
9236  East  Hall  Road 
Downey,   California 


Ryan  Aeronautical  Ccnpany 
Lindbergh  Field 
San  Diego  12,   California 
Attni     Library  -  unclassified 

Sage  Laboratories 
159  Lirvlen  Street 
Wellesley  SI,   Mass. 

-Sanders  Associates 
95  Canal  Street 
Nashua,    New  Hampshire 
Attn:     N.   R.  Wild,   Ubrary 

Sandla  Corporation,   Sandla  Base 

P.O.  Box  5''00,   Albuquerque,    New  Mexico 

Attn:     Classified  Document  Division 

Sperry  Gyroscope  Company 

Great  Neck,   Long   Island,    New  York 

Attn:     Florence  W.  Tumbull,    Engr.  Ubrarlan 

Stanford  Research  Institute 
Menlo  Park,   California 
Attn:     Library,    Engineer 


Svlvanla  Electric  Products,    Inc. 
1.00   first   Avenue 
Walthani  5L,   Mass. 

Attn:     Charles  A.   Thornhlll,    Report   Librarian 
Walthan  Lahoratories  Library 

Systems  Laboratories  Corporation 
1L852  Ventura  Boulevard 
Sherman  Oaks,   California 
Attn:     Donald  L. 


17  Union  Square  West 
New  York  3,   N.  Y. 
Attn:     M.  L.  Henderson, 


Tr»n»-Tech,    Inc. 
P.  0.  Box  3U6 
Frederick,   Maryland 


161  Devonshire  Street 

Boston  10,   Mass. 

Attn:  A.  S.  Thomas,  President 

Bell  Telephone  Laboratories 
Murray  Hill 
New  Jersey 

Chu  Associates 

P.  0.  Box  3B7 
Whitcomb  Avenue 
Uttleton,   Mass. 


Raytheon  Manufacturing  Companv 
Missile  Division 
Hartwell  Road 
Bedford,   Mass. 

Radio  Corporation  of   America 
Aviation  Systems   laboratory 
225  Crescent  Street 
Waltham,   Mass. 

Lockheed  Aircraft   ~,orporatlon 
Missile  Systems  Division  Research  Ubrary 
Box  50lj,   Sunnyvale,   California 
Attn:     Miss  Eva  Lou  Robertson, 
Chief  Librarian 

The  Rand  Corporation 
1700  Main  Street 
Santa  Monica,   California 
Attn:     Dr.  W.  C.  Hoffman 

Commander 

AF  Office  of  Scientific  Research 

Air  Research  and  Development  Connand 

lUth  Street  and  Constitution  Avenue 

Washington,   D.   C. 

Attn:      Mr.   Ottlng,    SRY 

Westlnghouse  Electric  Corp. 
Electronics  Division 
Friendship  Int'l  Airport  Box  7li6 
Baltimore  3,   Maryland 
Attn:      Engineering  Library 


Wheeler  Laboratordea,    Inc. 
122  Cntter  Mill  Road 
Oreat  Neck,    New  York 
Attn:     Mr.   Harold  A.  Wheeler 


Library  Oeophyslcal  Institute 
of  the  Dnlversltjr  of  Alaska 
College 

University  of  California 

Berkeley  U,   California 

Attnl     Dr.  Samuel  Silver, 

Prof.  Engineering  Science 
Division  of  Elec.  Eng.   Electronic 
Research  Lab. 

University  of  California 
Electronics  Research  Lab. 
332  Cory  Hall 
Berkeley  I4,  CaUfomia 
Attn:      J.   R.  Whinnery 

California   Institute  of  Technology 
Jet  Propulsion  Laboratory 
bROO  Oak  Grove  Drive 
Pasadena,    California 
Attn:     Mr.    I.   E.  Newlan 

California  Institute  of  Technology 
1201  E.  Callfomi  3  Street 
Pasadena,   California 
Attn:     Dr.   C.   Papas 

Carnegie  Institute  of  Technology, 
Schenley  Park 

Pittsburgh  13,    Pennsylvania 
Attn:      Prof.  A.   E.   Heins 

Cornell  University 

School  of  Electrical  Engineering 

Ithaca,   New  Tork 

Attn:     Prof.  G.  C.  Dalman 

I'niversity  of  Florida 

Department  of  Electrical  Engineering 

Gainesville,   Florida 

Attn:      Prof.   M.   H.   Latour,    Library 

Lib-ary 

Georgia  Institute  of  Technology 

Engineering  Experiment   Station 

Atlanta,   Georgia 

Attn:     Mrs.    J.H.   Crosland,    Librarian 

Harvard  University 

Technical  Reports  Collection 

Gordon  McK'ay  Library,    303A  Pierce  Hall 

Oxford  Street,   Cambridge  3",   Mass. 

Attn:     Mrs.  E.L.   Hufschmidt,   Librarian 

Harvard  College  Observatory 
60  Garden  Street 
Cambridge  39,   Mass. 
Attn:     Dr.   Fred  L.  Whipple 

University  of   Illinois 
Documents  Division  Library 
Urbana,    Illinois 

University  of  Illinois 
College  of  Engineering 
Urbane,    nilnols 

Attn:     Dr.   P.  E.  Moyes,   Department  of 
Electrical  Engineering 


University 


Tts.  Johns  Hopkl 
Homewood  Campus 
Department  of   Physics 
Baltimore  18,   Maryland 
Attn:      Dr.   Donald  E.   K 


Applied  Physics  Laboratory 
The  Johff Hopkins  University 
8621  Georgia  Avenue 
Silver  Spring,   Maryland 
Attn:     Mr.    George  L.   Seielstad 

Massachusetts  Institute  of  Technology 

Research  Laboratory  of  Electronics 

Room  20B-221 

Caufcridge  39,  Massachusetts 

Attn:   John  H.  Hewitt 

Massachusetts  Institute  of  Technology 

Lincoln  Laboratory 

P.  0.  Box  73 

Lexington  73,  Mass. 

Attn:  Document  Room  A-22'5 

University  of  Michigan 
Electronic  Defense  Group 
Engineering  Research  Institute 
Ann  Arbor,  Michigan 
Attn:  J.  A.  Boyd,  Supervisor 

University  of  Michigan 
Engineering  Research  Institute 
Radiation  Laboratory 
Attn:   Prof.  K.  M.  Siegel 
912  N.  Main  St., 
Ann  Arbor,  Michigan 

University  of  Michigan 
Engineering  Research  Institute 
Willow  Run  Laboratories 
Willow  Run  Airport 
Ypsilanti,  Michigan 
Attn:  Ubrarian 

University  of  Minnesota 

Minneapolis  lit,  Minnesota 

Attn:  Mr.  Robert  H.  Stumm,  Library 

Northwestern  University 
Microwave  Laboratories 

Attn:   R.  E.  Beam 

Ohio  State  University  Research  Found. 
Ohio  State  University 
Columbus  10,  Ohio 
Attn:  Dr.  T.S.  Tice 

Dept.  of  Elec.  Engineering 

The  UnlTersity  of  Oklahoma 
Research  Institute 
Norman,  Oklahoma 

Attn:  Prof.  C.  L.  Farrar,  Chairman 
Electrical  Engineering 

Polytechnic  Institute  of  Brooklyn 

Microwave  Research  Institute 

55  Johnson  Street 

Brooklyn,  New  Tork 

Attn:  Dr.  Arthur  A.  Oliner 

Polytechnic  Institute  of  Brooklyn 
Microwave  Research  Institute 
55  Johnson  Street 
Brooklyn,  New  Tork 
Attn:  Mr.  A.  E.  Laemmel 

Syracuse  University  Research  Institute 
Collendale  Campus 
Syracuse  10,  New  Tork 
Attn:  Dr.  C.  S.  Grove,  Jr. 

Director  of  Engineering  Research 

The  University  of  Texas 
Elec.  Engineering  Research  Laboratory 
P.  0.  Box  8026,  University  Station 
Austin  12,  Texas 
Attn:  Mr.  John  R.  Gerhardt 
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